Background-Recent data have suggested that cardia biopsy specimens may be more reflective of gastro-oesophageal reflux disease (GORD) than squamous biopsy specimens. Aims-To assess the distribution, severity, and types of mucosal injury in GORD. Patients-Thirty patients with symptomatic GORD with no or minimal erosions. Methods-Biopsies were performed at the squamocolumnar junction (Z-line) and 1-2 cm below the Z-line. Injury to the columnar mucosa was scored for inflammatory cells, epithelial cell abnormalities, and for the presence of intestinal metaplasia and Helicobacter pylori. A carditis score above 2 was considered positive (maximum score = 9). Results-Mean carditis scores and percentages of patients with a positive carditis score were higher in Z-line biopsy specimens containing both squamous and columnar mucosa than in those with just columnar mucosa or in specimens taken 1-2 cm below the Z-line. Carditis at the Z-line was focal in 49% of the specimens and was always present adjacent to the squamous epithelium. Goblet cells were present more frequently in the specimens immediately at the Z-line than in those 1-2 cm below the Z-line. H pylori was present in only four patients. The mean carditis scores of specimens 1-2 cm below the Z-line in these patients was significantly higher than in those patients without H pylori. Conclusions-Mucosal injury at the gastric cardia is highly localised to the region adjacent to the squamocolumnar junction in patients with GORD. Morphological studies of the cardia in GORD should focus on tissue samples that contain both squamous and columnar epithelium in order to obtain an accurate picture of the spectrum of injury. (Gut 1999;45:484-488) 
Oesophageal mucosal biopsy is theoretically useful in patients with symptoms consistent with gastro-oesophageal reflux disease (GORD) who have normal appearing oesophageal mucosa during endoscopy. The sensitivity and specificity of oesophageal biopsy in this setting varies considerably for a variety of reasons. 1 2 Twenty four hour pH monitoring is useful in some of these patients, although there is considerable variation in the sensitivity and specificity of this test also. [3] [4] [5] Unfortunately, no gold standard test exists for diagnosing GORD in these patients.
The gastric cardia occupies an area a few centimetres immediately below the squamocolumnar junction (Z-line). It contains mucous type glands similar to those of the gastric antrum. In many instances it actually consists of mixed glands with both mucous glands and elements of the oxyntic mucosa with parietal and chief cells. Inflammation of this area of the stomach had largely been ignored until recently when preliminary studies suggested that biopsy specimens of this area may be more reflective of GORD than those from the distal oesophagus. 6 Subsequent studies have produced diVering results concerning the association of GORD with cardia injury, Helicobacter pylori infection, and intestinal metaplasia. [7] [8] [9] [10] [11] Most of these studies have focused on cardia mucosa at various distances below the squamocolumnar junction (Z-line) rather than cardia mucosa at the Z-line. The cardia has also recently attracted attention because of the rapidly increasing incidence of cardia cancer [12] [13] [14] and the potential of detecting precursor lesion(s) in this area. [15] [16] [17] This prospective study was designed to examine the spectrum of mucosal injury in the gastric cardia in patients with erosive or minimally erosive GORD. We hypothesised that cardia mucosa, if abnormal in GORD, should be maximally injured at the Z-line, the "battleground", rather than below it.
Methods

PATIENTS
Thirty patients referred for evaluation of possible GORD symptoms (mean duration of 7.3 (2) years), namely heartburn, acid regurgitation, epigastric pain, or extraoesophageal manifestations were included. Only patients who had undergone upper endoscopy, oesophageal motility, and ambulatory 24 pH monitoring were included. Patients with prior gastric or oesophageal surgery and patients with Barrett's oesophagus were excluded. In addition to characterising the symptoms in the patients' interviews, detailed information was obtained concerning the type, dose, and duration of antisecretory medication use and history of H pylori treatment.
ENDOSCOPY AND HISTOLOGY
All endoscopies and biopsies were performed by one of two experienced endoscopists (WMW, AFI). Patients were included only if they had a normal appearing oesophagus or one thin linear erosion less than 1 cm long, and if the Z-line appeared to be contiguous with the lower oesophageal sphincter (LOS). All biopsy specimens were taken using a large cup pinch forceps biopsy, 8 mm open span (Microvasive, Boston Scientific Corporation).
In order to permit more accurate targeting, the biopsy specimens were obtained from within the stomach in the turnaround position. This was facilitated by inflating the stomach so the Z-line was flattened to permit en face targeting. If a hiatal hernia was present, two to three specimens were taken while attempting to position the opened cups of the forceps on the squamocolumnar junction. In this way, a sample of both mucosal types could be obtained in one biopsy specimen. If a hernia was absent or very small, the specimens were taken in the conventional end on position with the endoscope in the distal oesophagus. In addition to the Z-line samples, specimens for H pylori were also taken 1-2 cm below the Z-line and from the stomach (prepyloric and mid body).
All biopsy specimens were oriented with mucosal side up, fixed in Bouin's solution, embedded in paraYn wax, and serially sectioned at 4 µm. Three slides, each with 10-15 sections were prepared: one was stained with haematoxylin and eosin (H&E), a second was stained with H&E-alcian blue, pH 2.5 (to facilitate recognition of goblet cells and prevent their over diagnosis by rounded appearing cardia epithelial cells), and the third was stained with Giemsa stain to detect H pylori.
The histological evaluation of the specimens was performed in a blinded manner by WMW. Biopsy sections were assessed for: (1) the type of epithelium (squamous, squamous and columnar, or columnar alone); (2) epithelial abnormalities in surface and pit epithelium (each scored 0-3); (3) inflammatory cell infiltrate densities for neutrophils/eosinophils and mononuclear cells (each scored 0-3); and (4) the presence of goblet cells, the presence of alcian blue positive columnar cells (columnar "blues"), and the presence of neutrophils/ eosinophils on the squamous side of those specimens containing both squamous and columnar epithelium. In specimens where the abnormalities were focal, an estimate was made of the percentage of biopsy length (in 10% increments) that was abnormal.
A carditis score was calculated as follows: the sum of the neutrophil score (0-3) and the monocyte score (0-3), plus the greater of the surface or pit score for epithelial abnormalities. A carditis score greater than 2 was considered positive.
Biopsy specimens from the Z-line were divided for many of the analyses according to the type of epithelium they contained.
OESOPHAGEAL MANOMETRY AND 24 HOUR pH
MONITORING
Oesophageal manometry was performed using a standard water perfused manometry system. 18 Patients were considered to have a low lower oesophageal resting pressure (LOSP) if the mean amplitude in mid respiration was <10 mm Hg.
Ambulatory oesophageal 24 hour pH monitoring was performed using a single channel pH probe (Synectics) placed 5 cm above the manometrically measured LOS. Drugs known to aVect acid secretion or motility were discontinued before pH monitoring as follows: 24 hours for H 2 receptor antagonists and promotility agents and seven days for proton pump inhibitors. During pH monitoring each patient completed a standardised diary in which times and types of meals, periods of upright and supine body position, and time, duration, and type of symptoms were recorded. Data were evaluated by computer analysis. A subject was considered to have an abnormal pH recording if the total percentage reflux time (defined as a pH less than 4.0) was greater than 4.3%. Johnson and DeMeester scores were also calculated. 19 
STATISTICAL ANALYSIS
DiVerences among groups were determined using 2 and Fisher's exact tests. Bivariate correlations were determined using Spearman's non-parametric test. Variations around the mean are expressed as SEM. Probability values of less than 0.05 were considered significant.
Results
The 30 patients comprised 21 men and nine women (mean age 52.7 (15) years, range 29-72). Nine patients had not used any antisecretory medications for at least one month prior to upper endoscopy, eight patients used H 2 blocker antagonists on a daily basis, and 13 patients used proton pump inhibitors on a daily basis for at least one month prior to endoscopy. Twenty seven patients had an intact oesophageal mucosa and three had a single thin, short erosion.
Fifty per cent (55/111) of the biopsy specimens obtained from the Z-line contained both squamous and columnar mucosa; 36% (40/111) contained only cardia mucosa; and 14% (16/111) contained only squamous mucosa. All but one patient had at least one specimen containing both squamous and columnar mucosa.
The Z-line specimens with squamous and columnar epithelium in continuity had significantly higher carditis scores than specimens with columnar lined mucosa only (3.8 (0.3) versus 1.7 (0.2), p<0.05). Specimens taken 1-2 cm below the Z-line had lower carditis scores (0.5 (0.1), p<0.05) than either of the two Z-line biopsy groups (squamous and columnar epithelium in continuity and columnar lined mucosa only; fig 1) . A positive carditis score was present in 96% of patients with Z-line specimens containing both types of epithelia (squamous and columnar epithelium in continuity) and in 67% of patients with Z-line specimens containing only cardia mucosa. Seventeen per cent of patients with biopsies targeted 1-2 cm below the Z-line had a positive carditis score.
Carditis at the Z-line was focal in 48% (46/95) of specimens. In Z-line specimens with squamous and columnar epithelium in continuity the abnormalities were always greatest in the cardia mucosa adjacent to the squamous epithelium, even where the changes were focal. Where carditis did not involve the full length of a Z-line biopsy specimen, the mean percentage of involvement was 34 (5)%.
More patients had goblet cells in Z-line biopsy specimens with squamous and columnar epithelium in continuity than either those with columnar lined mucosa only or those with specimens taken 1-2 cm below the Z-line (33% versus 17% versus 4%, p<0.05; table 1). Alcian blue positive staining columnar cells (columnar "blues") were present in Z-line specimens with squamous and columnar epithelium in continuity in 37% of patients, in biopsy specimens with columnar lined mucosa only in 13% of patients, and in specimens 1-2 cm below the Z-line in only 4% of patients (p<0.05). Mean carditis scores in Z-line specimens with squamous and columnar epithelium in continuity were similar in patients with goblet cells (3.3 (0.5) and without goblet cells (4.2 (0.6); p=0.2).
H pylori gastritis was present in four (13%) of the 30 patients. None of our patients reported receiving eradication therapy for H pylori. The mean carditis scores were similar in the four patients with H pylori and the 26 patients without H pylori in Z-line biopsy specimens with squamous and columnar epithelium in continuity (fig 2) and in those with columnar lined mucosa only (results not shown). Those patients with H pylori gastritis had significantly higher mean carditis scores 1-2 cm below the Z-line (4.1 (0.5)) than did patients without H pylori (0.2 (0.1); p<0.05).
Fourteen patients had normal 24 hour pH studies (mean total time pH <4.0 = 2.4%) and 16 had abnormal studies (mean total time pH <4.0 = 13%). Carditis scores were similar in the normal and abnormal pH groups in Z-line biopsy specimens with squamous and columnar epithelium in continuity (4.3 (0.5) and 3.4 (0.5), respectively) and in specimens 1-2 cm below the Z-line (0.9 (0.5) and 0.6 (0.3); table 2). In Z-line specimens with squamous and Carditis scores were similar in biopsy specimens with squamous and columnar mucosa and those 1-2 cm below the Z-line in the normal and abnormal pH groups. The prevalence of neutrophils, eosinophils, mononuclear cells, goblet cells, alcian blue positive columnar cells (columnar "blues"), and epithelial changes was similar in patients with normal and abnormal 24 hour pH studies.
columnar epithelium in continuity the prevalence was similar in the normal and abnormal pH groups for neutrophils, mononuclear cells, goblets, columnar "blues", or surface or pit epithelial abnormalities. The prevalence of neutrophils and eosinophils in the squamous mucosa of the Z-line biopsy specimens with squamous and columnar epithelium in continuity was similar in patients with normal and abnormal 24 hour pH studies. There was also no significant correlation using Johnson and DeMeester scores and mean carditis scores in Z-line biopsy specimens with squamous and columnar epithelium in continuity or in specimens 1-2 cm below the Z-line.
Normal peristalsis was present in the body of the oesophagus in all patients during oesophageal manometry. Patients with low LOSP had similar mean carditis scores in Z-line biopsy specimens with squamous and columnar epithelium in continuity (3.7 (0.6)) or in specimens 1-2 cm below the Z-line (0.8 (0.4)) as did patients with normal LOSP (4.2 (0.5) and 0.8 (0.6), respectively).
Carditis scores, the components of the carditis score, and the other features assessed were the same in patients using antisecretory medications (H 2 receptor antagonists or proton pump inhibitors) and in patients not using antisecretory medications (table 3) .
Discussion
The findings in this study help to explain the variation in results among studies that have examined the histology of the gastric cardia. We have found that cardia injury in GORD is localised to the immediate vicinity of the squamocolumnar junction and that sampling the mucosa 1-2 cm below this junction can result in a notable underestimation of the severity and type of mucosal abnormalities. This localisation was underscored by two other findings. Firstly, carditis scores were lower in those Z-line biopsy specimens that had only columnar epithelium. Secondly, when there was focal change in biopsy specimens with both squamous and columnar epithelia the mucosa adjacent to the squamocolumnar junction was abnormal while the mucosa at the end of the biopsy specimen was normal or only mildly abnormal.
We were disappointed that we were unable to obtain specimens uniformly with both squamous and columnar epithelium when the forceps was targeted at the Z-line. One reason is the position of the opened forceps. When the forceps opens in a plane that is at a more vertical angle in relation to the Z-line it is easier to obtain both types of epithelium. However, when it opens in a plane that is more horizontal and thus more parallel to the Z-line there is less chance of obtaining both types of mucosa. To date we have been unable to find a way to rotate the endoscope in such a way that the forceps angle in relation to the Z-line is substantially changed.
In our view there has been a rush to judgement in relation to the pathogenesis and importance of carditis. DiVerent investigators are coming to diVerent conclusions concerning carditis when both types of results may be true. We propose that carditis may be due to a number of diVerent mechanisms: physiological reflux ("wear and tear"); gastro-oesophageal reflux; and H pylori. The most common, in our opinion, is likely to be "wear and tear". By analogy, the squamous mucosa has been found in normal volunteers to exhibit the regenerative hyperplasia changes (basal cell hyperplasia and elongated dermal papillae) of reflux in the distal 2-3 cm of the oesophagus. These changes could represent the consequence of gastric contents "lapping at the shores of the oesophagus" in health. 2 The same case can be made for carditis, perhaps even more so.
Carditis can logically be expected to be more severe or perhaps have unique features in GORD, either the erosive or non-erosive types. It is curious that for decades we have focused only on the squamous side of the battleground in GORD, and at a considerable distance from the "battle lines"-that is, 3 cm for biopsy and 5 cm for pH studies. Pathologists on the other hand have been aware of the severity of carditis in GORD for some time. The fact that we did not detect diVerences in mean carditis scores in patients with markers for more severe gastrooesophageal reflux (abnormal 24 hour pH tests and/or low LOSP) or in patients using antisecretory medications could be due to wear and tear injury to the cardia which occurs in almost all patients, thereby suppressing potential diVerences in patient groups.
The finding of goblet cells at a normally located Z-line may have implications in the pathogenesis of cardia cancer since it is likely that many if not all cardia cancers arise from either short segments of Barrett's oesophagus or from intestinal metaplasia of the cardia in the absence of overt Barrett's oesophagus. 15 16 Other factors besides intestinal metaplasia seem to be important. The best example is that women with non-Barrett's GORD have a prevalence of goblet cells at the Z-line that notably exceeds their risk of either Barrett's oesophagus or cardia cancer. 13 20-26 The prevalence of goblet cells at normally located Z-lines in GORD varies considerably in diVerent studies. 20 27-29 Based on our findings one important reason for this variation must be diVerences in biopsy location, because, in addition to carditis scores, the prevalence of goblet cells was strikingly reduced in biopsy specimens taken just 1-2 cm distal to the Z-line.
In addition to wear and tear and GORD, the other main cause of carditis is H pylori. Not surprisingly, H pylori gastritis often extends to No significant diVerence in mean carditis score was present in biopsy specimens at the Z-line, either with or without squamous mucosa present, or in specimens 1-2 cm below the Z-line. PPI, proton pump inhibitor.
the cardia, 10 which is consistent with the findings in our study that patients with H pylori had a greater carditis score than did patients without H pylori. However, in our GORD population and in some recent studies from others, the prevalence of H pylori is one third or less, 9 suggesting that it is neither the exclusive nor the primary contributor to cardia injury.
In conclusion, tissue sampling location is critical, independent of patient stratification, because carditis with or without intestinal metaplasia can be missed, or its severity grossly underestimated if the juxtasquamous mucosa is not represented in tissue specimens.
